Objective: To assess the influence of low birth weight in full-term infants on body composition at school age.
Introduction
Fetal growth restriction is the foremost cause of low birth weight (LBW) in developing countries, and is a characteristic reflection of the pervasive social and economic inequalities of these regions. 1 Studies have shown that fetal malnutrition is a predisposing factor for increased morbidity in the first year of life and higher hospitalization rates in economically underprivileged regions, particularly due to respiratory infections and diarrheal diseases, and consequent increases in child mortality. 2, 3 A relationship exists between infectious diseases and nutritional issues. Nutritional status compromise leads to a decline in resistance to infection, and infections, in turn, jeopardize nutritional status by producing negative effects on appetite and food acceptance, thus maintaining the Does fetal growth restriction influence body composition at school age?
vicious circle of infectious disease and nutritional deficits.
Micronutrient deficiencies, including iron deficiency, are frequently associated with decline in nutritional status and can induce poor host response to infection. 4, 5 If health conditions in childhood are affected by the synergistic action of a biological risk (fetal growth restriction) and infectious diseases and poor nutritional status, in adulthood, a history of fetal malnutrition has been associated with various chronic conditions, such as obesity, type 2 diabetes, hypertension, dyslipidemia, and ischemic stroke. 6, 7 Meas et al. 8 found that adults who had been born full-term small for gestational age (SGA) gained a greater percentage of fat mass than those born appropriate for gestational age.
These data suggest that the consequences of intrauterine growth restriction on body composition persist beyond the period of accelerated growth in early postnatal life.
There is a dearth of published studies assessing body composition at school age by means of body fat and lean mass percentages. In Northeast Brazil, a birth cohort has been followed since 1993, providing the opportunity to conduct the present study in this age range, in an attempt to determine the influence of LBW on body composition at 8 years of age in children born full-term, with low or appropriate birth weight (ABW), after adjusting for socioeconomic factors, maternal nutritional status, and past medical history.
Methods
The study was carried out in five municipalities of the southern Zona da Mata region of the state of Pernambuco This cross-sectional study was nested in a cohort of full-term infants (163 LBW, 212 ABW) that sought to follow growth and development over the first two years of life.
Neonates were recruited in the first hours of life from six local maternity hospitals, between January 1993 and August 1994.
The LBW group comprised infants weighing 1,500 to 2,499 g at delivery. The control group was constructed by pairing each LBW infant with the next baby of the same gender with an appropriate birth weight (3,000-3,499 g). 3 Gestational age was assessed by a pediatrician using the method described by Capurro et al., 9 and a series of anthropometric parameters were measured in the first 24 hours of life. 3 Nutritional status at birth was assessed on the basis of birth weight and body proportionality, defined by a combination of the ponderal index (PI) and length-forage. PI was calculated with the Rohrer formula [PI = mass (g) / length (cm) 3 x 100]. LBW infants were classified as stunted when length-for-age was < -2 z scores and the PI was ≥ 2.5; wasted when length-for-age was ≥ -2 z scores and the PI was < 2.5; and both stunted and wasted when length-for-age was < -2 z scores and the PI was < 2.5. 10 As this latter group comprised only 17 children, it was pooled with the stunted group (n = 13) for analysis. Five children could not be classified into any of the three categories and were thus excluded from the sample. Hemoglobin levels were measured with a portable photometer (HemoCue Ltd., Sheffield, UK), using capillary blood samples obtained by the fingerstick method. Children were considered anemic when hemoglobin levels were lower than 11.5 g/dL. 12 All forms were pre-coded and were checked daily for data consistency. level and history of hospitalization variables maintained significance after adjustment for the remaining variables.
Overall, independent variables accounted for 21.6% of variation in TSF thickness; the socioeconomic variables block explained much of this variation (12.3%), with particular emphasis on per capita family income (9.1%), followed by child morbidity-related variables (5.6%).
Discussion
This study has several positive points in its favor. It is a cohort study that has at its disposal a database on the by Malina et al., 15 who found that birth weight accounted for a small variation in subcutaneous fat at school age. Other studies, however, such as those by Hediger et al. 16 and Hack et al., 17 found that LBW infants had greater fat stores, and suggested that differences in body composition could be a link between fetal growth disorders and fat-associated diseases of adulthood. 16, 17 Body composition at school age -Lima MC et al. TSF thickness varies according to gender and age; it increases progressively, particularly in females. 18, 19 One hypothesis that may arise from this study is that school age may not be the most appropriate time to prove an association between LBW and body fat deposition. Several physiological differences in body composition are found in adolescence, and in girls in particular 20, 21 ; however, the presence of a risk factor -fetal growth restriction -could have future health implications in terms of higher risk of metabolic syndrome and cardiovascular disease. 6 Another interesting finding was the decreased upper arm muscle area in children born LBW, although the difference did not reach statistical significance. In a study of LBW infants, Sarni et al. 22 found that these children were affected both by stunting and by lean mass loss, whereas Loos et al. 23, 24 found LBW to be associated with body composition in adulthood, with high body fat percentages and reduced lean mass. These authors suggest that fetal growth restriction in the third trimester, a period in which considerable weight gain normally occurs, could be a determining factor of changes in metabolism and muscle structure, which could, in turn, be associated with decreased lean mass percentages.
According to Kuh et al., 25 lean mass loss secondary to fetal growth restriction has been associated with reduced muscle strength in adulthood. According to the authors, this damaging effect on muscle strength during intrauterine life is due to a reduction in the number of muscle fibers, which would be irreversible outside the womb and would actually be compounded by the inevitable lean mass loss of advancing age, with dire consequences on quality of life and independence in adulthood. 25 In the present study, lower lean mass percentages suggest that these children have trouble replenishing their protein stores, as muscle tissue mass is a reflection of body protein reserves. One might speculate that this finding provides further evidence of the repercussions of the perverse socioeconomic conditions to which these children are subjected.
One limitation of using body composition assessment indicators is the fact that these parameters are based on indirect measurements, obtained by mathematical means, and have low accuracy, as they regard the upper arm as a perfectly cylindrical structure with uniform fat distribution and thus underestimate adiposity. Furthermore, their use on a population-wide level is rather unfeasible. 13 Motta et al. 26 found that LBW infants are at increased odds of nutritional risk in the first year of life. This birth weight disadvantage was also reported by Eickmann et al., 27 at 2 years of age, in the present cohort. In this same population, Amorim et al. 14 reported that, at 8 years of age, LBW had no influence on weight-for-age and height-forage, whereas maternal height and BMI and socioeconomic conditions played a major role in variation in these nutritional status indicators.
Analysis of the factors associated with TSF thickening showed that socioeconomic variables contributed most to TSF variation, which suggests a strong association between these variables and body composition at 8 years of age.
The negative influence of maternal BMI < 25 kg/m 2 on TSF thickness could be considered both a proxy indicator of adverse socioeconomic and environmental conditions and a result of genetic inheritance, as mothers and their offspring share these same factors. 28 Children with a history of fetal growth restriction are prone to infectious diseases in the first few months of life due to immune and nutritional deficits. In conclusion, our finding that socioeconomic factors and morbidity had a greater influence than LBW on TSF thickness in school-age children born full term may help health care providers and public health administrators gain a better understanding of the social reality of this region, providing them with a tool to guide short-, medium-, and long-term actions geared to reducing morbidity in these children and their families.
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